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[Document Name] Specification 

[Title of the Invention] Dialyzer and method for manufacturing 
the same 

[Scope of Claims] 

[Claim 1 ] A dialyzer comprising a substantially cylindrical case, 

a hollow fiber bundle made of a plurality of hollow fiber membranes 

provided in the case, a blood flow path formed by lumens of the 

hollow fiber membranes, a dialysate flow path formed by gaps 

between the inner wall of the case and the hollow fiber membranes, 

and a cylindrical elastic tube inserted in a gap between the 

inner wall of the case and the hollow fiber bundle. 

[Claim 2] A dialyzer according to claim 1, wherein a ring rib 

is formed on an outer surface of the elastic tube. 

[Claim 3] A dialyzer according to claim 1 or 2, wherein a lubricant 

is applied to an outer surface of the elastic tube. 

[Claim 4 ] A dialyzer according to any one of claims 1 to 3, wherein 

a plurality of the elastic tubes are inserted. 

[Claim 5] A dialyzer according to any one of claims 1 to 4, wherein 

a concave portion for receiving and fixing the elastic tube is 

formed on an inner wall of the case. 

[Claim 6] A method for manufacturing the dialyzer according to 
claim 1, comprising: 

inserting a hollow fiber bundle made of a plurality of 
hollow fiber membranes into a lumen of a cylindrical elastic 
tube, and 

inserting the hollow fiber bundle and the elastic tube 
into a substantially cylindrical case. 

[Claim 7] A method for manufacturing a dialyzer according to 
claim 6, further comprising enlarging an inner diameter of the 



elastic tube at the time of inserting the hollow fiber bundle 
into the lumen of the elastic tube. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 
The present invention relates to a dialyzer used in dialysis . 
More specifically, it relates to an internal filtration 
accelerating-type dialyzer which can increase an internal 
filtration rate and an internal backf iltration rate within the 
dialyzer . 

[0002] 

[Prior Art] 

For therapy of patients whose renal function is impaired, 
for example, patients whose function of removing waste products 
or the like in blood is impaired because of renal insufficiency 
or the like, therapy by blood purification such as hemodialysis 
or hemodialysis filtration has so far been performed. In this 
blood purification therapy, urea, creatinine, uric acid, 
low-molecular proteins, water and the like accumulated in blood 
are removed by bringing the blood into contact with a dialysate 
through semipermeable membranes in a dialyzer. 

[0003] 

In recent years, a substance that causes amyloidosis, which 
is one of complications in dialysis, has been identified as (3 2 
microglobulin having a molecular weight of 11, 800 (for example, 
see Non-Patent Document 1) . Since (3 2 microglobulin having a high 
molecular weight has a low diffusion rate, removal efficiency 
is higher by hemof iltration than by hemodialysis . Further, since 
a substance having a low molecular weight, such as urea, has 



a high diffusion rate, removal efficiency is higher by 
hemodialysis than by hemof iltration . Accordingly, a hemodialysis 
filtration (HDF) therapy, which is a combination of hemodialysis 
and hemof iltration, has been conceived. In the HDF therapy, 
filtration of a large amount of blood is conducted with a dialyzer 
and a replenisher is supplied in a blood circuit. Therefore, 
an exclusive device with a complicated structure is required. 
[0004] 

Meanwhile, a dialyzer excellent in substance permeability 
and water permeability, which can remove (3 2 microglobulin having 
a high molecular weight, has been developed. It has been found 
that such a dialyzer excellent in substance permeability and 
water permeability allows filtration and backf iltration between 
blood and a dialysate via a semipermeable membrane (hereinafter 
referred to as internal filtration and internal backf iltration) 
even when forced filtration by dewatering is. not performed (for 
example, see Non-Patent Document 2) . Accordingly, a hemodialysis 
filtration method that performs filtration and replenishment 
by increasing an amount of internal filtration and an amount 
of internal backf iltration has been proposed. Additionally, an 
internal filtration accelerating-type dialyzer capable of 
increasing dialysis efficiency, which is used in the hemodialysis 
filtration method, is being developed. 

[0005] 

Usually, the internal filtration and the internal 
backf iltration do not occur at a same position within a dialyzer. 
Since blood and a dialysate are passed through a dialyzer in 
directions opposite to each other, a fluid having a higher pressure 
moves to a fluid having a lower pressure via a semipermeable 



membrane regarding the blood and the dialysate. That is, there 
is a tendency that the internal filtration occurs on a blood 
inflow side within a dialyzer and the internal backf iltration 
occurs on a blood outflow side within a dialyzer. 

For increasing an internal filtration rate and an internal 
backf iltration rate in a dialyzer, it is necessary to increase 
a pressure loss along a blood flow path or a dialysate flow path. 
The pressure loss along the flow path is represented by the 
Hagen-Posuille formula which is a pressure loss inducing formula 
of a laminar flow in a cylindrical tube. 
AP = 8 uLQ/nR 4 

(AP: pressure loss along a flow path, \x: viscosity of a fluid, 
L: length of a flow path, R: radius of a flow path, Q: volume 
flow rate) 

It is found that to increase the pressure loss AP along 
the flow path, the volume flow rate Q may be increased, the 
cross-sectional area of the flow path nR 2 may be decreased, or 
the length L of the flow path may be increased. 

[0006] 

For increasing an internal filtration rate and an internal 
backf iltration rate of a dialyzer, a dialyzer, the length of 
the flow path of which is increased by increasing a total length 
(for example, see Patent Document 1), and a dialyzer, the 
cross-sectional area of the blood flow path of which is decreased 
by decreasing the inner diameter of a hollow fiber membrane, 
(for example, see Patent Document 3), have so far been known. 

However, in the dialyzer with the total length increased, 
for obtaining effects of sufficient acceleration of internal 
filtration and internal backf iltration, the length of the flow 



path has to be increased to more than twice the length of the 
flow path in an ordinary dialyzer . Such a dialyzer is impractical . 
Further, in the dialyzer with the inner diameter of the hollow 
fiber membrane decreased, fluctuation occurs in the inner 
diameter of the hollow fiber membrane during manufacture, which 
may increase blood remaining in lumens of the hollow fiber 
membranes after use of the dialyzer. 

Further, there has been proposed as a dialyzer in which 
a sectional area of a dialysate flow path is decreased by increasing 
a packing ratio of hollow fiber membranes, a dialyzer in which 
the hollow fiber bundle having more hollow fibers than ordinary 
hollow fiber bundles is shrunk with a net or the like and inserted 
in a case (for example, see Patent document 2 and 3) . However, 
in the dialyzer with the hollow fiber bundle shrunk, the diameter 
of the hollow fiber bundle has to be decreased more than necessary 
in order to insert the hollow fiber bundle into a case . Therefore, 
the hollow fiber membranes might be ruptured and the packing 
ratio of the hollow fiber membranes inserted into the case is 
not high enough. 

[0007] 

Moreover, as a dialyzer with a decreased cross-sectional 
area of a dialysate flow path, a dialyzer in which a substance 
having a property of being swelled with a dialysate is introduced 
in a dialysate flow path (for example, see Patent Document 3, 
4, and 5) , a dialyzer in which a bag-shaped member is introduced 
into a dialysate flow path and the bag-shaped member is swelled 
by introducing therein a physiological saline or the like at 
the time of using the dialyzer (for example, see Patent Document 
3, 6, and 7), a dialyzer in which hollow fiber bundle can be 



compressed together with a case with the pressure applied from 
outside the case (for example, see Patent Document 8) and the 
like have also been developed. 

In a dialyzer in which a substance having a property of 
being swelled with a dialysate is introduced, the substance having 
the swelling property itself has a thickness so that an amount 
of the substance that can be introduced into the dialyzer is 
limited. When the amount of the substance having the swelling 
property is large, it is difficult to insert the hollow fiber 
bundle into the case of the dialyzer. On the other hand, when 
the amount of the substance having the swelling property is small, 
the cross-sectional area of the dialysate flow path is not 
sufficiently lowered. Further, in a dialyzer with the 
cylindrical substance having the swelling property introduced, 
it is difficult to insert the hollow fiber bundle into the lumen 
of the substance having the swelling property, because the 
substance has a far smaller inner diameter than the case, and 
the hollow fiber membranes might be ruptured. Further, in a 
dialyzer in which a bag-shaped member is swelled, or in a dialyzer 
in which hollow fiber bundle is compressed together with a case, 
the structure is complicated and a force exerted in swelling 
the bag-shaped member or a force exerted by compression is also 
exerted on the case of the dialyzer. Thus, improvement in the 
case material is required so that the case has a satisfactory 
rigidity. 

[0008] 

[Non-Patent Document 1] 

Gejyo F. et al. Biochem. Biophys. Res. Commun. 1985: 129: 
701-706 



[Non-Patent Document 2] 

U. Bauremeister et al., Nephrol Dial Transplant. Suppl., 

1989 

[Patent Document 1] 

Japanese Patent Registration No. 2961481 
[Non-Patent Document 3] 

Artificial Organs 28(1), 127-133, 1999 
[Patent Document 2] 

Japanese Patent Application Laid-open No. Hei 08-168525 
[Patent Document 3] 

International Patent Application (PCT Pamphlet) WO 
98/22161 

[Patent Document 4] 

Japanese Patent Application Laid-open No. Hei 08-192031 
[Patent Document 5] 

Japanese Patent Application Laid-open No. Hei 11-009684 
[Patent Document 6] 

Japanese Patent Application Laid-open No. Hei 11-000394 
[Patent Document 7] 

Japanese Patent Application Laid-open No. Hei 11-319080 
[Patent Document 8] 

Japanese Patent Application Laid-open No. Hei 11-319079 
[0009] 

[Problems to be solved by the Invention] 
Under these circumstances, an object of the present 
invention is to provide a dialyzer which can solve the foregoing 
problems associated with the conventional dialyzers. More 
specifically, an object of the present invention is to provide 
a dialyzer which is simple in structure without fear of rupturing 



hollow fiber membranes during fabrication and in which an internal 
filtration rate and an internal backf iltration rate are increased 
by decreasing the cross-sectional area of the dialysate flow 
path. 

[0010] 

[Means for solving the Problems] 

The inventors of the present invention have intensively 
conducted investigations and have consequently found that a 
dialyzer, which is provided with a cylindrical elastic tube 
inserted in a gap between an inner wall of a case of the dialyzer 
and a hollow fiber bundle, can solve the foregoing problems. 

[0011] 

That is, according to the present invention, there is 
provided a dialyzer including a substantially cylindrical case, 
a hollow fiber bundle made of a plurality of hollow fiber membranes 
provided in the case, a blood flow path formed by lumens of the 
hollow fiber membranes, a dialysate flow path formed by gaps 
between the inner wall of the case and the hollow fiber membranes, 
and a cylindrical elastic tube inserted in a gap between the 
inner wall of the case and the hollow fiber bundle. 

[0012] 

[Operation] 

The dialyzer of the present invention, which is provided 
with the elastic tube, is decreased in the sectional area of 
the dialysate flow path to thereby increase the internal 
filtration rate and the internal backf iltration rate and perform 
filtration and replenishment of a greater volume of fluid. Such 
a structure gives the dialyzer a high dialysis efficiency. 
Moreover, in the method for manufacturing the dialyzer of the 



present invention, as the elastic tube is deformable, it is easy 
to first insert the hollow fiber bundle into the lumen of the 
elastic tube and then insert the hollow fiber bundle and the 
elastic tube into the case. Accordingly, the dialyzer can be 
manufactured without rupturing the hollow fiber membranes. 

[Embodiment Mode of the Invention] 

[0013] 

The dialyzer of the present invention is described in detail 
below by referring to preferable embodiments shown in the appended 
drawings . However, the present invention is not limited to these 
embodiments . 

Fig. 1 is a perspective view showing a dialyzer according 
to an embodiment of the present invention. Figs. 2 and 3 are 
perspective views showing a dialyzer according to another 
embodiments of the present invention . Fig. 4 is a cross sectional 
diagram showing an elastic tube in the dialyzer according to 
an embodiment of the present invention. Fig. 5 is a diagram for 
explaining a method for manufacturing the dialyzer according 
to the present invention. 

As shown in Fig. 1, a dialyzer 1, which is an embodiment 
of the present invention, has a substantially cylindrical case 
2 with both ends open into which both a hollow fiber bundle 3 
made of a plurality of hollow fiber membranes 2 and an elastic 
tube 4 are inserted. 

[0014] 

The case 2 in the dialyzer 1 of the present invention has 
a substantially cylindrical case body 21 with both ends open 
and two caps 22 mounted on the both ends of the case body 21. 
One of the caps 22 is provided with a blood inlet 221 and the 



other is provided with a blood outlet 222. The case body 21 is 
further provided with a dialysate outlet 231 and a dialysate 
inlet 232. 

The case body 21 and the caps 22 are made of a hard resin 
such as, for example, polyethylene, polypropylene, and 
polycarbonate, acrylic resins such as polymethyl methacrylate, 
hard polyvinyl chloride, a styrene-butadiene copolymer, or 
polystyrene. For providing a blood visibility inside the 
dialyzer 1, the material constituting the case body 21 and the 
caps 22 is preferably transparent or semitransparent . For 
discriminating between the blood inlet 221 and the blood outlet 
222, the caps 22 may be formed of materials colored in different 
tints . 

[0015] ' 

A hollow fiber bundle 3 made of a plurality of hollow fiber 
membranes is accommodated in the case 2. With respect to the 
hollow fiber membrane, polysulfone, polyethersulf one, 
polyacrylonitrile, polyamide, polyethylene, polypropylene, 
cellulose acetate, or regenerated cellulose is preferably used. 
It is desirable that an ultrafiltration rate (UFR) of the hollow 
fiber membrane is 20 mL/hr *m 2 TnmHg or more in order to surely 
remove unnecessary ingredients in blood. 

The hollow fiber membranes are accommodated in the case 
2 in a state of the hollow fiber bundle 3 obtained by bundling 
from 100 to 12, 000 membranes. The effective membrane area of 
the hollow fiber membranes in the dialyzer is preferably from 
0.1 to 3.0 m 2 , more preferably from 0.1 to 2.5 m 2 . Further, the 
packing ratio of the hollow fiber membranes in the case 2 is 
preferably from 20 to 80%, and more preferably from 40 to 60%. 



[0016] 

The hollow fiber bundle 3 is fixed in the case 2 by injecting 
a potting agent in the gap between the inner wall of the case 
body 21 and the hollow fiber membranes on both ends of the hollow 
fiber bundle 3 and curing it, without clogging the lumens of 
the hollow fiber membranes . As the potting agent, polyurethane, 
silicone, epoxy resin or the like is preferably used. The potting 
agent closes a dialysate flow path, to be described later on, 
at the both ends of the hollow fiber bundle 3 in order to prevent 
the dialysate passing through the dialysate flow path from flowing 
into the blood inlet 221 and the blood outlet 222 on the both 
ends of the hollow fiber bundle 3. 

[0017] 

In the dialyzer 1 of the present invention, the hollow 
fiber bundle 3 is accommodated in the case 2 to provide the 
dialysate flow path formed by the gap between the inner wall 
of the case 2 and the hollow fiber membranes and a blood flow 
path formed by the lumens of the hollow fiber membranes. One 
end of the dialysate flow path communicates with the dialysate 
outlet 231, and the other end communicates with the dialysate 
inlet 232. Further, one end of the blood flow path communicates 
with the blood inlet 221, and the other end communicates with 
the blood outlet 222. When the dialyzer is used, blood flows 
from the blood inlet 221 to the blood outlet 222 via the blood 
flow path. At this time, the dialysate flows from the dialysate 
inlet 232 located downstream of the blood flow path to the dialysate 
outlet 2 31 located upstream of the blood flow path via the dialysate 
flow path. Dialysis can be performed efficiently with the blood 
and the dialysate flowing in opposite directions through the 



hollow fiber membranes. 
[0018] 

When a constricted portion is formed on the case body 21 
of the dialyzer 1, the cross-sectional area of the dialysate 
flow path is decreased and a pressure loss along the dialysate 
is increased. As a result, internal filtration and internal 
backf iltration are accelerated. Therefore, the case body 21 in 
the dialyzer 1 of the present invention may have a constricted 
portion unless the insertion of the hollow fiber bundle 3 into 
the case 2 is hindered. 

In addition, as described later, a concave portion for 
receiving and fixing the elastic tube 4 may be formed on the 
inner wall of the case body 21, so as to surely fix the elastic 
tube 4 in the case body 21. 

[0019] 

In the dialyzer 1 of the present invention, the cylindrical 
elastic tube 4 is inserted in a gap between the inner wall of 
the case body 21 and the hollow fiber bundle 3. By providing 
the elastic tube 4, the sectional area of the dialysate flow 
path can be decreased to thereby increase the internal filtration 
rate and the internal backf iltration rate, giving the dialyzer 
a high dialysis efficiency. 

The elastic tube 4 is formed of a material that makes the 
formed product deformable, silicone rubber, natural rubber, or 
synthetic rubber such as butadiene rubber, for example. It is 
preferable that the elastic tube 4 formed of such materials is 
transparent or semitransparent . 

[0020] 

The elastic tube 4 is inserted into the case body 21 with 



the hollow fiber bundle 3 inserted in the lumen of the elastic 
tube 4, An outer diameter of the elastic tube 4 is, though not 
particularly limited, preferably of such a size that the elastic 
tube 4 is easily inserted into the case body 21 with the hollow 
fiber bundle 3 inserted in the lumen of the elastic tube 4, and 
is water-tightly contacted with the inner wall of the case body 
21 when the elastic tube 4 is inserted into the case body 21. 
Further, an inner diameter of the elastic tube 4 is of such a 
size that a packing ratio of the hollow fiber membranes is 
preferably from 50 to 85%, more preferably from 75 to 80% when 
the elastic tube 4 is inserted into the case body 21 . A thickness 
of the elastic tube 4 is properly determined according to its 
material and is preferably from 0.2 to 2.0 mm, more preferably 
from 0.2 to 1.0 mm. 
[0021] 

As shown in Fig. 2, the longer the elastic tube 4, the 
smaller the volume of the dialysate flow path becomes. The 
decrease in the volume of the dialysate flow path increases the 
internal filtration rate and the internal backf iltration rate 
of the dialyzer 1, giving the dialyzer 1 a higher dialysis 
efficiency. The number of the elastic tubes 4 is not particularly 
limited; one elastic tube 4 that is long in the axial direction 
as shown in FIGS. 1 and 2 may be used, or two elastic tubes 4 
that are short in the axial direction as shown in FIG. 3 may 
be used. 

[0022] 

The elastic tube 4 is water-tightly contacted with the 
inner wall of the case body 21 by the tube's own elastic force, 
thereby surely fixing the elastic tube 4 in the case body 21. 



However, if water tightness between the elastic tube 4 and the 
inner wall of the case body 21 is improved, which is effective 
in surely fixing the elastic tube 4 in the case body 21, it becomes 
more difficult to insert the elastic tube 4 into the case body 
21. 

Accordingly, a ring rib 41 may be formed on an outer surface 
of the elastic tube 4 as shown in Fig. 4, so that the elastic 
tube 4 is easily inserted into, and surely fixed in, the case 
body 21. The number of the ring ribs 41 is not particularly 
limited; for example, two ring ribs 41 may be respectively formed 
on both ends of the elastic tube 4 as shown in Fig. 4. 

Further, to insert the elastic tube 4 into the case body 
21 more easily, a lubricant such as a glycerin may be applied 
to the outer surface of the elastic tube 4 or the inner wall 
of the case body 21. If such a lubricant is applied to the inner 
surface of the elastic tube 4 as well, the hollow fiber bundle 
3 may also be inserted more easily into the lumen of the elastic 
tube 4 . 

In. addition, as described earlier, a concave portion for 
receiving and fixing the elastic tube 4 may be formed on the 
inner wall of the case body 21 so as to surely fix the elastic 
tube 4 in the case body 21. 

[0023] 

Next, referring to Fig. 5, a method for manufacturing the 
dialyzer 1 shown in Fig. 1 according to the present invention 
will be described. 

First, the hollow fiber bundle 3 made of the plurality 
of hollow fiber membranes is inserted into the lumen of the 
cylindrical elastic tube 4 . More specifically, the elastic tube 



4 shown in Fig. 5(1) is deformed to have an enlarged diameter 
as shown in Fig . 5(2) . There are a variety of methods for deforming 
the elastic tube: a method in which the outer surface of the 
elastic tube 4 is pulled outward by vacuum suction, a method 
in which a taper jig etc. is inserted into the lumen of the elastic 
tube 4 to enlarge the lumen, or the like. Next, as shown in Fig. 
5(3), the hollow fiber bundle 3 is inserted into the elastic 
tube 4 whose lumen has been enlarged. Then, the elastic tube 
4 is restored to its original state as shown in Fig. 5(1). Next, 
as shown in Fig. 5(5), the elastic tube 4 and the hollow fiber 
bundle 3 inserted therein are inserted into the case body 21. 

The forgoing processes are the most characteristic 
processes in the method for producing the dialyzer 1 according 
to the present invention characterized by having the elastic 
tube 4. The case body 21 with the elastic tube 4 and the hollow 
fiber bundle 3 inserted therein, which is obtained through the 
forgoing processes, will undergo the same manufacturing processes 
as the conventional dialyzers. That is, a potting agent is 
injected into both ends of the case body 21 to fix the hollow 
fiber bundle 3 in the case body 21, followed by the process of 
mounting the caps 22 on the both ends of the case body 21 and 
so on, to thereby manufacture a dialyzer. 

[0024] 

The process of enlarging the lumen of the elastic tube 
4 as shown in Fig. 5 can be omitted in the case where it is not 
difficult to insert the hollow fiber bundle 3 into the lumen 
of the elastic tube 4, that is, in the case where a lubricant 
is applied to the inner surface of the elastic tube 4 , for example. 

Further, a known tool for insertion may be used if required 



in the process of inserting the hollow fiber bundle 3 into the 
elastic tube 4 and the process of inserting the elastic tube 
4 and the hollow fiber bundle 3 inserted therein into the case 
body 21. 

. [0025] 

Fig. 6 is a graph showing pressure distribution of a fluid 
in the blood flow path and the dialysate flow path in the dialyzer 
when the blood and the dialysate flow in the dialyzer of the 
present invention . 

The internal filtration and the internal backf iltration 
of the dialyzer occur by a difference between the blood flow 
path pressure and the dialysate flow path pressure (transmembrane 
pressure difference TMP) . As shown by a line indicating the blood 
flow path pressure and a line indicating the dialysate flow path 
pressure 1 in the graph, the internal filtration occurs in the 
vicinity of the blood outlet (left side in the graph) because 
the blood flow path pressure is higher than the dialysate flow 
path pressure of the dialysate flow path. The internal 
backf iltration occurs in the vicinity of the blood outlet (right 
side in the graph) because the blood flow path pressure is lower 
than the dialysate flow path pressure . As the TMP becomes greater, 
the internal filtration and the internal backf iltration of a 
larger amount of fluid occur . The difference between the internal 
backf iltration rate and the internal filtration rate (internal 
backf iltration rate minus internal filtration rate) corresponds 
to a dewatering rate. The dewatering rate is controlled for each 
patient undergoing dialysis by a dewatering rate controller 
incorporated in a general equipment for dialysis. 

In the dialyzer 1 of the present invention, the elastic 



tube 4 is used for increasing the TMP. The use of the elastic 
tube 4 decreases the cross-sectional area of the dialysate flow 
path. As a result of the decrease in the cross-sectional area 
of the dialysate flow path, the dialysate flow path pressure 
is abruptly increased at the portion in which the elastic tube 
4 is inserted as shown by a line indicating the dialysate flow 
path pressure 2 in the graph. As a result, the TMP is increased 
to allow the internal filtration and the internal backf iltration 
of a large amount of fluid. 

[0026] 
[Examples] 

Examples that specifically illustrate the present 
invention are described below. 
<Example 1> 

A jig with a vacuum suction function was used to enlarge 
a lumen of an elastic tube with a rib made of silicone rubber. 
The elastic tube has an inner diameter of 28 . 5 mm, an outer diameter 
of 36 mm, a length of 20 mm, and an outer diameter of 37.5 mm 
at the portion where the rib was formed. A hollow fiber bundle 
obtained by bundling approximately 9, 000 hollow fiber membranes 
each made of polyethersulf one and having an inner diameter of 
200 jam and an outer diameter of 260 pm was inserted into the 
lumen of the tube. Then, the elastic tube was restored to its 
original state. Subsequently, the elastic tube with the hollow 
fiber bundle inserted therein was inserted into a central portion 
of a case body of a dialyzer made of polycarbonate and .having 
a total length of 272 mm and an inner diameter of 36.5 mm. In 
Example 1, a glycerin serving as a lubricant was applied in advance 
to an inner wall of the case body and an outer surface of the 



elastic tube. Then, a potting agent was injected into both ends 
of the case body to fix the hollow fiber bundle in the case body. 
An effective membrane area of the hollow fiber bundle was 1.5 
m 2 , and a packing ratio of the hollow fiber bundle was 45%. Caps 
were then mounted on both ends of the case body to manufacture 
a dialyzer. In the dialyzer, the packing ratio of the hollow 
fiber membranes in the lumen of the elastic tube was 79%. 

[0027] 
<Example 2> 

A dialyzer was manufactured in the same manner as in Example 
1, the only difference being the use of an elastic tube with 
a rib made of silicone rubber having an inner diameter of 28.5 
mm, an outer diameter of 36 mm, a length of 40 mm, and an outer 
diameter of 37.5 mm at the portion where the rib was formed. 
In the dialyzer, the packing ratio of the hollow fiber membranes 
in the lumen of the elastic tube was 79%. 

[0028] 
<Example 3> 

A dialyzer was manufactured in the same manner as in Example 
1, the only difference being the use of an elastic tube with 
a rib made of silicone rubber having an inner diameter of 28.5 
mm, an outer diameter of 36 mm, a length of 60 mm, and an outer 
diameter of 37.5 mm at the portion where the rib was formed. 
In the dialyzer, the packing ratio of the hollow fiber membranes 
in the lumen of the elastic tube was 79%. 

[0029] 

<Comparative Example 1> 

A hollow fiber bundle obtained by bundling approximately 
9,000 hollow fiber membranes each made of polyethersulf one and 



having an inner diameter of 200 jxm and an outer diameter of 260 
jam was inserted into a lumen of a case body of a dialyzer made 
of polycarbonate and having a total length of 272 mm and an inner 
diameter of 36-5 mm. A potting agent was inj ected into both ends 
of the case body to fix the hollow fiber bundle in the case body. 
An effective membrane area of the hollow fiber bundle was 1.5 
m 2 , and a packing ratio of the hollow fiber bundle was 45%. Caps 
were then mounted on the both ends of the case body to manufacture 
a dialyzer. 

[0030] 

A dialysate was passed through the dialysate flow path 
of the dialyzer obtained in each of Examples 1 to 3 and Comparative 
Example 1 at a flow rate of 500 mL/min, and a pressure loss of 
the dialysate was measured by measuring pressures of the dialysate 
at the dialysate inlet and the dialysate outlet. The results 
are shown in Table 1. 

Further, clearance of (3 2 microglobulin (molecular weight 
of 11,800) was measured using the dialyzer obtained in each of 
Examples 1 to 3 and Comparative Example 1, based on performance 
evaluations and function classification of devices for blood 
purification established by Japanese Society for Dialysis Therapy 
(Journal of the Japanese Society for Dialysis Therapy, Vol.29 
No. 8, 1231-1245, 1996) . The measurement was conducted after a 
dialysis of bovine blood (Ht = 30%, total protein concentration 
6.5 g/dL, 37°C) for 60 minutes (a blood flow rate 200 mL/min, 
a dialysate flow rate 500 mL/min, a dewatering rate 15 mL/min) . 
Bovine blood (Ht = 30%, total protein concentration 6.5 g/dL, 
p 2 microglobulin concentration 1 mg/L, 37°C) was used for the 
measurement . The measurement conditions were as follows : a blood 



flow rate 200 mL/min, a dialysate flow rate 500 mL/min, and a 
dewatering rate 15 mL/min. The measurement results are shown 
in Table 1. 

[0031] 



Table 1 





Pressure loss [mmHg] 


Clearance (mL/min] 


Example 1 


29 


69 


Example 2 


52 


87 


Example 3 


77 


110 


Comparative 
Example 1 


10 


58 



[0032] 



As shown in Table 1, it is found that the pressure loss 
of the dialysate in the dialyzer of the present invention in 
Examples 1 to 3 is significantly increased in comparison to the 
pressure loss of the dialysate in the conventional dialyzer in 
Comparative Example 1. It is further found that the clearance 
of $ 2 microglobulin in the dialyzer of the present invention in 
Examples 1 to 3 is increased in comparison to the clearance in 
the conventional dialyzer in Comparative Example 1. 

The results reveal that the dialyzer of the present 
invention which is provided with the elastic tube is, in comparison 
to the conventional dialyzer not having the elastic tube, 
decreased in the cross-sectional area of the dialysate flow path 
to thereby clearly increase the internal filtration rate and 
the internal backf iltration rate. 

[0033] 

[Effect of the Invention] 

The dialyzer of the present invention can increase the 
flow rate of internal filtration and the flow rate of internal 
backf iltration by providing an elastic tube. Further, since the 



cross-sectional area of the dialysate flow path is sufficiently 
decreasedby the elastic tube, the flow rate of internal filtration 
and the flow rate of internal backf iltration can easily be 
increased. Moreover, as the dialyzer of the present invention 
uses an elastic tube that is deformable, the lumen of the elastic 
tube is easily enlarged and the dialyzer can easily be manufactured 
without fear of rupturing the hollow fiber membranes. 
[Brief Description of the Drawings] 

[Fig.l] A perspective view showing a dialyzer according 
to an embodiment of the present invention. 

[Fig. 2] A perspective view showing a dialyzer according 
to another embodiment of the present invention. 

[Fig. 3] A perspective view showing the dialyzer according 
to still another embodiment of the present invention. 

[Fig. 4] A cross sectional diagram showing an elastic tube 
in a dialyzer according to an embodiment of the present invention. 

[Fig. 5] Adiagram for explaining amethod for manufacturing 
a dialyzer according to the present invention. 

[Fig. 6] A graph showing pressure distribution of a fluid 
in a blood flow path and a dialysate flow path in a dialyzer 
according to the present invention. 
[Description of Symbols] 

1 dialyzer 

2 case 

3 hollow fiber bundle 

4 elastic tube 
41 rib 
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[Document Name] Abstract 
[Summary] 

[Object] To provide a dialyzer having a simple structure with no 
likelihood of a hollow fiber membranes being ruptured during assembly, 
in which the sectional area of a dialysate flow path is decreased 
to increase an internal filtration rate and an internal 
backf iltration rate • 

[Solving Means] The dialyzer includes a substantially cylindrical 
case 2, a hollow fiber bundle 3 made of a plurality of hollow fiber 
membranes provided in the case 2, a blood flow path formed by lumens 
of the hollow fiber membranes, the dialysate flow path formed by 
gaps between the inner wall of the case 2 and the hollow fiber membranes, 
and a cylindrical elastic tube 4 inserted in a gap between the inner 
wall of the case 2 and the hollow fiber bundle 3. 
[Selected Drawing] Fig. 1 



